Introduction
Each year the Board of Trustees of the Old-Age, Survivors and Disability Insurance Trust Funds projects the financial status of the programs extending as far as 75-years into the future. 1 Similar projections covering a broader number of budget programs are also provided by the Congressional Budget Office (CB0). These projections incorporate anticipated trends in both demographic and economic determinants of future costs. Particularly with regard to the economic trends, both agencies rely on the evaluation of past trends to form their judgments.
Furthermore, the projections of individual elements are largely independent of one another. For example, the projected growth of GDP is the product of the change in the labor force times the increment to labor productivity, but the two component growth rates are independently derived.
In addition to an intermediate or most-likely projection, the OASDI reports include lowcost (from the perspective of program costs) and high-cost alternative scenarios. In those alternatives, the individual elements are largely grouped on the basis of their effects (positive or negative) on the cost projections, without regard for any underlying correlation with one another.
For example, a higher rate of productivity growth, increased fertility and a higher real interest rate are combined in the low-cost option not because of any implied causal relationship, but because they all contribute to a more favorable outcome for the trust funds.
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In the projections of a pay-as-you-go pension system, the interest rate has little influence, but in the past two decades it took on a more central role as the OASDI system temporarily transitioned to a partially-funded program with a significant inflow of interest income.
Furthermore, the actuaries were frequently called on to evaluate alternatives that included funded individual accounts. The interest rate is also of some significance in computing the present value of the long-run actuarial deficit which is smaller in the near term than in the distant future.
Interest rate projections have also become more important in the long-run evaluations of the budget published by CBO because of the rising magnitude of the public debt relative to GDP.
For example, in its latest projections the CBO begins with a real 10-year bond rate of ½ percent in 2013 and raises it to its historical average of 3 percent by 2024-assuming that the current 1 The 75-year horizon can be viewed as roughly equivalent to the remaining life of a worker entering the system today, but the reports also place considerable emphasis on shorter horizons of 10, 25,and 50 years. 2 One exception is the rate of price inflation, where a lower projected rate is associated with the low cost option even though it leads to a worsening of the long-run actuarial balance. Inflation, if reflected in nominal wages, affects revenues immediately, but benefits with a lag, leading to a positive correlation between inflation and the actuarial balance. episode of extremely low interest rates is transitory. 3 The result is a growth in the interest share of the budget from one to five percent by 2038.
The intent of this paper is to explore the long-term determinants of interest rates in greater detail, and, in particular, the relationship between variations in interest rates and economic growth. The extraordinary rise of real interest rates in the mid-1980s stimulated considerable research on their determinants (Blanchard and Summers, 1984, and Barro and Salai-Martin, 1990 we shall see, the extent to which interest rate are determined within a global market versus a domestic context is a central issue for that discussion. The paper begins with a brief outline of an analytical framework that highlights some of the major issues. It is followed by a summary of the existing literature. The third section uses panel data for the G-7 and 22 OECD countries to explore the empirical issues in greater detail.
Analytical Framework
The simple analytics of the relationship between interest rates and economic growth can be illustrated with a constant-returns-to-scale production function in which capital (K), labor (L), and labor-augmenting technical change (E) are combined to produce aggregate output (Y):
(1)
Assume further that growth of the labor force (n) and labor-augmenting technical change (g) are both determined exogenously, capital depreciates at δ, and the share of gross income that is saved is given by s. In addition, in a closed-economy all of the saving is devoted to increasing the capital stock. The marginal product of capital is given by:
This is the essence of the neoclassical model developed by Solow (1956) and Swan (1956) . In steady-state, both output and the capital stock will grow at the rate of n+g, and the rate of return is given by:
In the long run, the rate of return will vary positively with the growth of the economy and the rate of capital depreciation, and negatively with the rate of saving.
However, the above formulation is influenced both by the specification of a fixed saving rate and the assumption of a closed economy. Cutler and others (1990) in their exploration of the effects of declining population growth extended the Solow model to incorporate an internal determination of the aggregate saving rate. In particular, they adopted a version of the Ramsey model of optimal saving over an infinite future time period. In that formulation, the rate of saving responds to demographic changes: lower rates of population growth require less saving.
However, by specifying a closed-economy in their main theoretical model, they explicitly assumed that future rates of saving and investment must move in tandem. As a result, saving and investment will adjust to yield a rate of return that is invariant to variations in the rate of population growth.
Second, if we drop the assumption of a closed economy and allow saving and investment to be determined within open economies in which savers are free to invest in other countries, there is no reason whatsoever to believe that national saving and domestic investment will be equal in every future year. Differences between saving and investment can be absorbed by changes in the current account balance. By investing abroad, savers in maturing economies can avoid the implication of a falling domestic rate of return. 4 The interest rate will be thereby be determined by the interaction of the supply and demand of investable funds at the global level. 
A Review of the Empirical Literature
Much of the modern empirical research on the determinants of real interest rates dates from the surge of rates in the early 1980s. While the initial increases were widely attributed to the adoption of a tight monetary policy in the United States, the effects of that policy were expected to be transitory. The continuation of high real rates in the presence of declining inflation led to explorations of a wider set of potential explanations. Blanchard and Summers (1984) highlighted the global nature of the interest rate increases, focusing on six large OECD economies. Most of their analysis focused on short-term rates, because of the lack of measures of expected inflation over extended time horizons required to construct a measure of the long-term real bond rate. They created an estimate of the expected inflation rate from the forecast of a simple autoregressive model of actual inflation, and analyzed changes in four basic determinants:
the anticipated profitability of investment, saving, monetary policy, and portfolio preferences.
They concluded that enhanced profitability and shifts in the mix of fiscal-monetary policy were the primary factors behind the rise in real rates. Barro and Sala-i-Martin (1990) went further and postulated a global market for capital in which the interest rate is determined via the interaction between global investment demands and desired saving. They expanded the analysis to ten OECD countries and computed a world real interest rate as a weighted average of the national rates, using purchasing-power-parity measures of GDP to compute the individual share weights. As with the analysis of Blanchard and Summers, they focused on the short-term (three-month) interest rate, and emphasized shifts in the saving-investment balance as their basic analytical framework. They used the stock market as a proxy for variations in investment demand and changes in oil prices to account for changes in incomes and desired saving. In their model, the real interest rate is a function of changes in the physical economy and there is little role for monetary or fiscal policy. Orr and others (1995) used a panel data set covering 17 countries to investigate the determinants of long-term (~10 years) real interest rates. They computed the real rate by simply subtracting a smoothed (H-P Filter) measure of the annual inflation rate from the nominal 10-year bond rate. However, that measure implies a mismatch of the time horizon for the nominal interest rate and expected inflation that may have distorted their estimates of the implied real rates. They reported a significant positive correlation with the rate of return on physical capital, and past rates of inflation, and a negative association with the government budget balance and the current account. They also found significant spillover effect from interest rates in other countries. Another study using panel data, Ford and Laxton (1999) , showed that an aggregate of OECD debt to GDP was a significant determinant of short-term real interest rates in member countries and that the aggregate measure often eliminated the influence of own-country debt. to about the mid-1990s, after which it leveled out and remained relatively constant. Individual country factors are also more important in countries with floating exchange rates.
The common theme of all of these empirical studies is emphasis on the importance of adopting a global perspective in the determination of national measures of interest rates.
However, while the spillovers across national capital markets are substantial, most studies find that the convergence to a single global market is still incomplete. All the same, these crossborder spillover effects highlight the extent to which the interest-rate policies of individual countries impose substantial externalities on others.
Real Interest Rate Measures
For most analytical purposes, the relevant interest rate measure is the real rate, i.e. the difference between the nominal rate of interest, i, and inflation expectations, π e : (4) = − .
Unfortunately, the expected rate of inflation is largely unobservable, but various methods have been devised to calculate plausible estimates. For short horizons such as a year or less, transformations of the actual inflation rate yield reasonable measures; but more severe problems arise when measuring expected inflation over longer horizons. Yet, short-term interest rates are likely to be dominated by temporary adjustments of monetary policy, whereas long-term rates are more closely linked to returns on physical capital and are the rates that influence saving and investment decisions.
For short horizons, several techniques have been used. First, many countries have fairly long-standing experience with collecting information from annual government or private sector forecasts of the overall economy, which typically embody an outlook for inflation. The OECD, for example, has prepared economic forecasts of its member countries for more than 40 years.
In addition, various statistical methods can be used to extract the expected component of inflation on the assumption that the underlying forecasts are rational predictors of the future.
The Hodrick-Prescott (H-P) filter is a smoothing technique that separates the inflation rate into its expected and unexpected component. Researchers have also used various autoregressive models that estimate current inflation as a function of past rates. The predicted rate from those models can be interpreted as a proxy for the expected inflation rate. All three of these methods Based on these results, calculated values of expected inflation, based on the common lag structure from the United States, are used to construct measures of 10-year real interest rates for all of the G-7 countries. In addition, estimates of the short-term real rates are constructed using an H-P filter of the quarterly rates of change in the GDP deflator of each country as a proxy for inflation expectations. The average G-7 interest rates are then constructed using GDP-share weights for 2000.
The resulting measures of nominal and real rates, averaged across the G-7 countries, are displayed in figure 2. 9 The top panel highlights the extended reduction in short-term inflation expectations as indicated by the narrowing of the gap between the nominal and real short-term rates in the 1980s and 1990s. The real rate rose very sharply from negative values in the mid-70s
to an average near 6 percent in the first half of the 80s, and then declined on a trend basis to about 3 percent by the late 1990s. The real rate then fell very sharply in the recession of 2001 and has been very cyclical since then.
The movements in the long-term bond rate have been less pronounced. The real rate rose substantially in the early 1980s, reaching a peak of about five percent; and it has been trending down over the past quarter century, dropping below two percent just before the financial crisis.
Implied long-term inflation expectations have fallen from a peak near 8 percent in the early 1980s to only 1½ percent over the past ten years.
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The steady reduction in restrictions on trade over the past half century, and the near elimination of many forms of capital controls among the larger advanced economies give rise to a recurring question. "Is there a world interest rate?" Certainly, the evidence of convergence is strong within the Euro Zone after 2000, but it is more mixed across the full range of G-7 countries. That outcome is expected for nominal rates since in the absence of a fixed exchange rate there is no requirement for a convergence of the rates of inflation. But even for real interest rates, individual countries can differ in the risk that they might introduce capital controls or default and the extent of future exchange rate changes.
The standard deviation of the cross-national interest rates provides a simple empirical criterion for convergence. Measures are reported in figure 3 for short and long-term interest rates of the G-7. There was a strong divergence of nominal rates among the G-7 countries during the 9 Annual data for each country are reported in appendix A. 10 The G-7 average is particularly low because of an estimate of a negative rate of expected inflation for Japan.
widespread acceleration of inflation in the 1970s, but considerable convergence after 1980. The convergence can be largely traced to the narrowing of rates of expected inflation across countries and is most evident for nominal rates. The top panel shows the standard deviation of nominal and real short-term rates for the period of 1970-2013. There is a strong downward trend of the standard deviation of nominal rates after 1980s, but with occasional spikes. There is also a sharp drop after the financial crisis as short-term rates in all countries approached the zero bound.
Evidence of a convergence of real rates is strong for the early 1980s, but there have been only modest changes in recent years.
The measures of the standard deviations of long-term rates in the lower panel show a similar pattern of convergence since 1980. However, significant differences remain, partly because Japan has been an outlier with negative expected rates of inflation since the early 1990s.
The differences are also sensitive to economic crises in individual countries. For example, quantitative easing has pushed real long-term interest rates into the negative range for the United
States and the UK while the debt crisis in the Euro Zone has raised their long-term rates. In contrast to the measures of convergence in short-term rates, the standard deviation of long-term rates has increased in recent years. Given the potential for increases in specific-country risks, it is hard to determine if the underlying risk-free interest rates have continued to converge.
Determinants of Interest Rates
The empirical analysis of this section addresses the question of the primary determinants of real interest rates. The central issue is the relative importance of foreign versus domestic factors. The prior discussion of the literature highlighted the continuing debate over this issue.
The papers by Barro and Sala-i-Martin (1990) , Ford and Laxton (1999) , and Desroches and The coefficient on the foreign interest rate is large with strong statistical significance, implying a high degree of capital market integration. Yet, the domestic debt/GDP ratio also has a positive and significant effect, suggesting some separation between the domestic and international markets. In contrast to the 1990 results of Ford and Laxton, in this analysis the domestic representation of the debt/GDP measure was much preferred over the G-7 aggregate. The current account balance, as a measure of the excess of domestic saving over investment, displayed a significant negative correlation in some formulations, but its role was not consistent.
Similarly, the correlation with GDP growth, while positive, was of limited statistical significance. There was no consistent correlation of interest rates with the growth in the labor force or the return on corporate equities.
The lack of a strong correlation with the rate of economic growth is a surprise in view of the prominence given to it in the standard Solow-Swan growth model. The most plausible explanation is based on other research rejecting the notion of a fixed or exogenous rate of saving and asserting a positive relationship between income growth and the rate of saving. The result is a model in which both saving and investment vary in a coordinated fashion with changes in the rate of income growth, leaving little or no systematic relationship between output growth and the rate of interest.
The exclusion of observations for the years after the 2008 financial crisis also has no significant influence on the regressions (columns 3 and 4) . Similarly, the results are largely unaffected by the inclusion of a larger number of OECD countries (columns 5 and 6). As a further test, aimed at reducing the effects of potential reverse correlation with the foreign rate, the regressions were re-estimated using the one-year lag of the foreign rate. The result (not shown) was a small decline in the overall fit of the regressions, but the coefficient on the foreign rates remained large with high statistical significance. Additionally, the regressions were reestimated to end in 2000, thereby excluding the years of exceptionally low real interest rates. The effects were limited to a modest reduction in the coefficient on the foreign interest rate, consistent with the view that capital markets are becoming more integrated over time. As a final check on the correlation with foreign rates, the equations were estimated separately for each G-7 country (not shown). While there are variations in the coefficients, the magnitude of the effect of the foreign rate remains uniformly high and significant. The United States in particular exhibited a strong correlation of the domestic interest rate with the current and lagged values of the foreign rate.
A parallel set of regressions are reported in table 2 for the short-term interest rate. The results are very similar to those for the long-term rate, and continue to show a strong correlation with the foreign rate and domestic debt/GDP. The correlations with the current account and GDP growth are only weakly significant. Again, the exclusion of the post-2008 observations or the use of the lagged foreign rate had little impact on the results.
With respect to the basic question of whether there is a global market for capital, the answer of this analysis is yes. But at the same time, there are some influences such as the magnitude of public debt that appear to operate at the national level. That may be because the public debt is viewed as an indicator of default risk rather than operating to crowd out sources of other borrowing. There is also a more marginal influence from national indicators, such as the current account balance and the rate of growth of GDP.
Conclusion
The most important conclusion resulting from this analysis is that it makes little or no sense to model, analyze, or forecast interest rates within a closed-economy framework. Capital markets, at least among the major advanced economies, are highly integrated; and while there is a marginal role for national influences, real interest rates are largely determined in a global market context. Because exchange rates are still free to vary among most major economies, nominal rates will adjust to reflect differences in rates of inflation.
The measurement of expected inflation is a significant problem since only the United
States has a long period of surveying forecasters or investors about their expectations. But the implied rate of inflation obtained from a comparison of interest rates for inflation-indexed and nominal bonds offers promise for the future, as more countries introduce TIPS or their equivalents. In the absence of alternatives, this analysis adopted an assumption that the adaptive relationship between actual and expected rates of long-term inflation observed in the United
States can be applied in other countries. Short-term inflation expectations were modeled with a Hodrick-Prescott filtering process.
At the national level, variation in the ratio of public debt to GDP had the most significant influence on real interest rates. There was also some evidence that high rates of national saving relative to domestic investment reduced domestic interest rates as excess capital -as measured by the current account balance -flowed abroad. The empirical results imply a very weak but positive impact of variations in domestic aggregate demand.
Finally, the dominant influence of global factors suggests that interest rate projections should not incorporate any strong relationship to other economic trends in the domestic economy, such as those associated with the aging of the population, since they are likely to be overwhelmed by global developments. The importance of foreign interest rates suggests that future research might build on the work of studies that attempt to build a model of the global economy and global interest rates. While the research suggests that a shift to a global market is still incomplete, this is clearly the direction of future change. The difficulty is that the definition of those countries that ought to be included under the umbrella of a global market is constantly changing, as emerging markets move to reduce their controls on capital flows and become more integrated with the international market. Emerging economies also display a very diverse pattern of demographic change. Some countries (China in particular) resemble advanced economies on the cusp of a significant aging of their populations, with an expectation of lower rates of saving and investment. Other countries (India) will be dominated by declines in the proportion of young dependents and increased saving incentives.
Recently, the weakness of the global economy has initiated substantial discussion of a more sustained pattern of an excess of global saving over desired investment, implying a prolonged period of low interest rates. This was a major theme before the crisis, with a focus on the high rates of saving in Asia and OPEC (Bernanke, 2005) . In the aftermath of the crisis, the issue has involved a larger number of countries and a concern with both high rates of saving and low investment -a broad global paradox of thrift in which desired saving exceeds the investment that businesses are willing to undertake. 
